The conservation of drinking water source reservoirs has a close relationship between regional economic development and people's livelihood. Research on the non-point pollution characteristics in its watershed is crucial for reservoir security. Tang Pu Reservoir watershed was selected as the study area. The non-point pollution model of Tang Pu Reservoir was established based on the SWAT (Soil and Water Assessment Tool) model. The model was adjusted to analyse the temporal-spatial distribution patterns of total nitrogen (TN) and total phosphorus (TP). The results showed that the loss of TN and TP in the reservoir watershed were related to precipitation in flood season. And the annual changes showed an "M" shape. It was found that the contribution of loss of TN and TP accounted for 84.5% and 85.3% in high flow years, and for 70.3% and 69.7% in low flow years, respectively. The contributions in normal flow years were 62.9% and 63.3%, respectively. The TN and TP mainly arise from Wangtan town, Gulai town, and Wangyuan town, etc. In addition, it was found that the source of TN and TP showed consistency in space.
INTRODUCTION
Pollution of water can be divided into point source pollution and non-point source pollution (Cao et al., 2003) . Point source pollution is a concentration of various wastewater discharges. The sources of non-point source pollution are more extensive (Gassman et al. 2007; Jin et al. (2012) . Dissolved solid pollutants from the non-specific locations feed into the receiving waterbody, causing eutrophication or other forms of contamination, through runoff processes by fluviraption of precipitation or snowmelt (Saleh et al. 2000) . These pollutants were used in agricultural production, and include large amounts of nitrogen, phosphorus, pesticides, heavy metals, and herbicides, etc. (Samira et al. 2010; Pionke et al. 1999) . Non-point source pollution from fields was the most prominent.
Non-point source pollution has the characteristics of random occurrence, lagged effect and complex impact factor, thus leading to complexity and difficulty of non-point source pollution monitoring and treatment (Young et al. 1994) . As the most widely-used model nowadays, SWAT (Soil Water Assessment Tool) is a distributed watershed-scale hydrological model. There are many successful applications in the fields of water resources and the environment.
Bulut et al. investigated the effects of fertilization rates of phosphorus (P) transport and phosphorus loading in lakes (Panagopoulos et al. 2011 (Fig. 1) . Tang Pu Reservoir basin is shown in Fig. 1 . 
DATA AND METHODOLOGY

Spatial data
Spatial data used in this study include digital elevation model (DEM data), land use and soil type information. DEM data, which is 30 m × 30 m grid chart, comes from International Science Data Services Platform. Land use information comes from the Land Resources Bureau in Shaoxing. It is a shape file with a ratio of 1:50 000. The total area is 458.2 km 2 , of which forest accounts for most, 68.18%, of the total area. The second land use was garden, accounting for 15.29% of the total area. Soil type information comes from the Geographic Institute of CAS. It is a shape file with the ratio of 1:100,000.The proportion of various types of soil in the basin were shown in Table 1 . 
Division of sub-watershed and HRU
The threshold value for dividing the sub-watershed in this study was 1000 ha. Tang Pu Reservoir dam site was chosen as the basin export. The study area was divided into 27 sub-watersheds. Division into HRUs was based on a combination of different land use, soil type and slope information. According to the actual situation of the basin, the threshold value of land use area was 5%, the threshold value of soil type was 5%, and the threshold value of slope was 5%. Eventually, 27 sub-watershed were divided into 288 HRUs.
Calibration and verification of parameters
The observed data of flow, total nitrogen (TN) and total phosphorus (TP) from 2002 to 2008 were used for model calibration, and the data from 2009 to 2011 were used for model validation. The LH-OAT method was used to make a sensitivity analysis of model. The results of the corrected parameters were shown on Table 2 . The relative prediction errors (Re) between simulated values and measured values was less than 15%, the coefficient of determination (R 2 ) was more than 0.6 and the Nash-Sutcliffe coefficient was more than 0.5 (Ens ; Table 3 ). It suggested that the model was more optimum to simulate the temporal-spatial distribution patterns of non-point pollution. After calibrating the model parameters, the data series from 2009 to 2011 were used for validating the model. The measured result and simulation results of flow/TN/TP in the calibration period and the validation period are shown as Figs 2−4. 
TEMPORAL DISTRIBUTION OF NON-POINT SOURCE POLLUTION LOAD
The pollution capacities of the non-point source in three typical hydrologic years for Tang Pu Reservoir were calculated with SWAT (Table 4) . The TN and TP contents differed in different typical years. In the normal flow year (2006), the TN and TP contents were 47.9 t and 6.1 t, respectively, which were lower than that in high flow year (2002) and low flow year (2003) . The results suggest that there is a close relationship between the non-point source pollution by TN and TP and precipitation. 
Fig. 5
The monthly distribution of precipitation and non-point source pollution.
As can be seen in Fig. 5(a) , the rainfall capacity, TN, and TP contents of high flow year (2002) were concentrated in the flood season (March to September). In the flood season, the rainfall capacity was 72.28% of the whole year capacity, and the TN and TP contents were 84.45% and 85.38% of the whole year, respectively. The rainfall capacity of low flow year (2003) was only 9 mm in October (Fig. 6(b) ). The pollution capacities were inconsistent with the simulation value. In the flood period (April to September), the peak values of rainfall capacity were mainly distributed in March, June, August, and November with the average value of 72.74% for the whole year, and the TN and TP contents were 70.30% and 69.67%, respectively.
In a normal flow year (2006, Fig. 6(c) ), high rainfall was observed in January and November. The contents of pollution and sediment were also increased in January and November due to the increased rainfall capacity. It was calculated that the rainfall capacity, TN and TP contents were 64.18%, 62.97%, and 63.30% in the flood season, respectively.
Non-point source pollution was mainly observed in the flood season, which was produced by rainfall-runoff processes especially in the main rainfall season. Positive correlation was found among the rainfall capacity, runoff volume, and sediment volume. High amounts of surface runoff lead to large quantities of sediment as well as non-point pollution. It was shown that both sediment and pollution were produced in high amounts in the more rainy months. This law was also suitable for the production of pollutant.
SPATIAL DISTRIBUTION OF NON-POINT SOURCE POLLUTION LOAD
The production of non-point source pollution load was strongly associated with spatiality, which has a close relationship with the rainfall capacity, soil characteristic, soil utilization situation, and topography of the given area. The area which produces non-point source pollution can be identified by the distribution of TN and TP contents of the Tang Pu Reservoir in different years. As can be seen from Figs 6 and 7, the mainly pollutants of TN and TP were located in the south and east parts of the basin of Tang Pu Reservoir. According to analysis of the soil type, landuse map, and topographic data, the main soil types of the polluted basin were yellow soil and yellow brown soil, which are easily eroded. Because of the high proportion of agricultural land, the loads of pollution of TN and TP in the area were increased. In addition, a large population lives in the east and north of the basin, and the sewage produced was treated inappropriately, leading to additional pollutant content.
CONCLUSION AND SUGGESTIONS
The non-point source pollution load of Tang Pu reservoir watershed was distributed unevenly in districts, years and months, but was mainly produced in the flood season (April to September). During this period, much non-point pollution was carried into Tang Pu Reservoir by runoff.
In different typical hydrologic years, the annual change of non-point source pollution load was obvious, due to the difference of precipitation. The spatial distribution characteristic of the nonpoint source pollution load was high in the south and east of Tang Pu Reservoir watershed. This was because the widely distributed yellow and yellow brown soils are easily eroded in these areas. Furthermore, there is much agricultural land which further increase the pollution load in the south and east of Tang Pu watershed.
